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ABSTRACT
Time can be expressed and aggregated into concepts called granu-
larities. Granularities are defined in a structure with their rules of
conversion that may take the form of trees or graphs, thus it’s possi-
ble to design tools that dynamically explore different granularities
that might reveal patterns hidden in other levels. We described an
intial investigation of the use of interactive visualization techniques
for that purpose and define future work to be done.
1 INTRODUCTION
Time can be considered as a continuous phenomenon, but it is of-
ten discretised and aggregated into different temporal granularities
[3] – discrete units of time. These may refer to time ranges of con-
tinuous time (e.g. binning time into hours or days) or may refer
recurring units that are cyclic (e.g. the hours over a 24-hour pe-
riod). These affect the scale at which time is considered, which in
turn affects visual representations of data and the results of tempo-
ral analysis.
Choosing appropriate temporal scales of analysis for the domain
and task at hand is therefore important, as results may depend on
this. Appropriate temporal granularities depend on the domain of
the phenomenon under study and the analytical task. Crime ana-
lysts might both look for diurnal patterns of crime and longer terms
trends. Animal movement ecologists may use temporal granulari-
ties that relate to the animal’s lifecycle when analysing movement
tracks from GPS loggers.
Therefore, it’s important to design tools that take advantage of
the structure of granularities to solve these tasks [1]. We propose
to investigate the use of interactive visualization techniques to dy-
namically explore granularity structures and their temporal aspects.
2 TEMPORAL GRANULARITIES
Granularity structures define the possible units of expression
and aggregation and the rules of conversion. One example is
a linear structure where the lowest unit of time is milliseconds
and the highest is hours, with seconds and minutes between and
formulas defining the conversion from one to another. Objects
and events can then be expressed and compared by applying the
rules of conversion between units. One example of comparison is
calculating the temporal distance between events using different
units.
Another granularity structure could include hours and days,
with the possibility of aggregating days by weeks, weekdays or
weekends, without a clearly defined hierarchy. In this example,
weekdays and weekends would be examples of temporal granulari-
ties that do not follow simple formulas for conversion.
Besides expressing order of occurrence, granularities can also
be used to group events and objects and find patterns of occurrence.
For example, a temporal task might be counting the number of
events occurring every hour.
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3 VISUALIZING GRANULARITIES
Data expressed in different granularities can be visualized indepen-
dently using appropriate techniques for each. However, tools can be
designed with dynamic interactions taking advantage of that struc-
ture and user knowledge as many temporal granularities are not ex-
clusive to domains. There are several possible approaches to design
a dynamic visualization method that supports multiple granulari-
ties. One way is using multiple views [9], where visualization tech-
niques applied to different granularities can be shown concurrently
with interactions between them. Composite and hierarchical dis-
plays [7, 10] are also alternatives to combine multiple techniques.
The approach of visual aggregations explored by [4] define visual
aggregations as representations of aggregated data items with the
purpose of facilitating visualization when the dataset is too large,
producing visual clutter. This could also be applied to temporal
granularities, where each granularity can be seen as aggregated data
items.
Besides higher level frameworks and guidelines, several tradi-
tional visualization techniques have been expanded to work with
aggregated data, such as parallel coordinates [5], along with some
techniques developed specifically for granularities like temporal
summaries [8]. For granularities, however, the appropriate visu-
alization technique to be applied may depend on both the type of
temporal task being solved and temporal aspects of the granularity.
These aspects are concerned with the nature of the scale used to
visualize time, such as discrete or ordinal scale, the use of instants
or intervals as the basic primitive used in visualization, the linear or
cyclic arrangement of time and the view of time as a strict ordered
series of events or branching events, where the data does not pro-
vide a single “true” path in time.
We propose to explore the space of switching granularities and
finding out appropriate interactive visualization techniques based
on the tasks and temporal aspects of the granularities.
4 CASE STUDY
An initial exploration of temporal granularities with visualization
is being done within the scope of analysis of animal movement [6],
where GPS tracks are collected at the granularity of seconds.
The objective of the case study is to help answering time related
questions in a spatial context. More specifically, we are looking
at the relation between the temporal attributes of trips away and
back to the nest and the nest bouts, which are the correspondent
time spent on the nest. Examples of questions asked “are there
generally a number of consecutive longer trips followed by shorter
trips?” or “do trips preceding a nest bout have an influence on the
duration of it?”.
The initial exploration of visualization resulted in a doubled bar
chart with the duration in hours of trips and nest bouts of a single
bird as lengths of the bars (see fig. 1). The initial and ending time
of each trip and bouts are also shown in the timeline. Colour in
the bars is used to trace the overall direction of the movement,
while colour in the central vertical axis defines the periods for each
breeding status of the bird. This is intended to show the behaviour
of the bird when it’s incubating or hatching an egg, for example, or
the other possible breeding statuses.
A rearrangement of this timeline is also being experimented
with (fig. 2), replacing the discrete temporal scale with a simple
ordinal scale showing the sequence of trips and nest bouts paired
with each other. In this case, the temporal context, that is, the
actual absolute time when the events occur, is lost. However, this
arrangement might be better for comparing the duration of trips
and nest bouts. In this chart, it’s also possible to select the trips, as
an initial interaction to analyse only a subset of trips.
Figure 1: The timeline with the duration of trips and nest bouts..
Figure 2: Trips and nest bouts shown sequentially with an ordinal
scale.
5 CONCLUSION AND FUTURE WORK
We have described temporal granularities and how the resulting
structure can be visually explored to help solving temporal tasks.
We also presented an initial design experiment on which we have
been working with animal movement researchers.
As this is an initial work, these are objectives for future work:
• examine the application of different visualization techniques
for different granularities, while allowing the user to dynami-
cally change between granularities and techniques
• investigate the appropriate techniques to show different gran-
ularities together
• investigate how uncertainty in the data affects the representa-
tion and task solving
It would then be possible to identify the most effective interactions
for some granularities. We can also analyze and classify the tech-
niques based on the tasks they intend to solve, such as looking for
cycles, repeating patterns or simply counting occurrences.
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